Holz als Roh-und Werkstoff 55 0997) 297-300 ' 9 Springer-Verlag 1997 This paper sets out to present the importance of incorporating fatigue related information into the product engineering of furniture constructions. Contrary to commonly accepted thinking, structural failures in furniture very often result from fatigue associated with its repeated use. Hence, performance testing of furniture is needed not only to determine the ultimate static strength of the furniture but also its fatigue strength.
much needed customer confidence which in turn will boost sales. These performance ratings of furniture are meant to provide information to the customers on the aesthetic, functional and structural compliance's of the merchandise . Under such circumstances, the customer is told what he can expect from the furniture he is buying before he takes it home. Customer disappointment and dissatisfaction are avoided and customer satisfaction is ultimately improved.
The structural compliance of furniture is the easiest quality requirement to test for. Furniture in service is subjected to a wide loading spectra, most of which are normal loads. However up to this point of time, the product engineering of furniture has often neglected structural requirements in favour of aesthetic needs, which are perceived to be more important to boost sales . With increasing customer demand for furniture which satisfies quality requirements in all three quality categories, the robustness of furniture constructions have grown in importance. Hence, this paper attempts to present the case for the importance of fatigue testing of furniture to evaluate it's structural compliance.
2

Structural failures in furniture
Structural failures in furniture can be attributed to a myriad of factors, but in most instances, failures are due to fatigue as a result of repeated use. Fatigue has long been recognised as the main cause of failures in structures subjected to cyclic loading, as encountered by furniture constructions such as chair, settee, etc. in service (Eckelman, 1988a) . Therefore, there is a growing need to understand fatigue and it's effect on furniture performance, if quality furniture which is able to survive specified service conditions is to be produced.
Performance testing using static load models are not well suited for evaluating the performance characteristics of many types of furniture constructions. On the other hand, simple fatigue load models which seldom resemble the total service load spectra of the furniture, is also not suitable for evaluating the performance characteristics of such furniture constructions (Eckelman, 1988b) .
Owing to the fact that fatigue failures in furniture are cumulative, some form of universally accepted performance testing method needs to be developed. Perhaps the 'first-crossing' concept of failure is appropriate in this case (Eckelman, 1988a) .
It has been shown that when the furniture structure is new, it retains a high degree of it's initial strength, and is able to resist both normal and 'abusive' loading. With time and use, the strength (or resistance) of the parts and joints diminishes and eventually" a point is reached when an applied load, often an 'abusive' load is greater than the residual resistance of the construction. At this point, a 'first-crossing' occurs, i.e. the load applied to the furniture exceeds it's strength and failure occurs.
It is difficult, however to incorporate a 'first-crossing' totally into a simple testing method for furniture primarily because service load histories are unknown and appropriate load models have therefore not been developed. As a result, a compromise method known as the 'cyclic stepped load' model has been developed and is widely used , particularly in the evaluation of upholstered furniture purchased by the government of the United States.
In this method, a given load is applied to the furniture at a given cyclic rate for a specified number of cycles. After the prescribed number of cycles have been completed, the load level is increased by a given increment, and the procedure is repeated. This process is continued until a desired load level has been reached, or until the furniture falls.
Despite the proliferation of various other furniture standards throughout the world, there has been growing support for the continued use of the cyclic stepped loading model of testing to evaluate furniture performance. Of particular importance, the test has been shown to provide useful information which can be incorporated into product engineering design process, in order to produce furniture which is able to meet any service requirements .
3
Strength design of furniture
The formal application of structural mechanics to the strength design of furniture frames is seldom practised, and publications on this subject are relatively scarce (Gustafsson, 1995) . Ordinarily, the strength design of furniture has been founded on empirical knowledge and on trial and error methods.
In many cases, the sizing of members and joints in furniture constructions are based on static strengths, which are often manipulated to provide the necessary aesthetic appeal in the furniture. Legally accepted allowable design stresses for woods used in furniture have never been developed and promulgated, although one design convention sets design stresses as equal to one third of the ultimate strength of the wood for members used in upholstered furniture frames, while joint strengths were as low as one quarter of the ultimate strength (Eckelman, 1970; Eckelman, 1974) . It has been argued that such a convention allowed for members to be stressed at reasonably efficient levels, although certain members were thicker than they had to be to allow for construction of the joints. Furniture designers for aesthetic reasons may, of course, prefer to use larger members in the furniture which inevitably affects the design stresses in the structure.
Because furniture failures are often caused by fatigue due to repeated use, deriving the allowable design stresses from static strengths does not seem appropriate. It has been shown that the allowable design stresses for components used in furniture constructions subjected to repeated loading is better derived from fatigue life data of the components, which in turn enhances the strength design of the furniture (Bao et al., I995) .
Fatigue in wood and wood composites
Fatigue is repeated stress cycling of a component to failure below it's short-term static strength. Although there are several different mode of fatigue loading, the most commonly encountered mode in furniture is bending or flexure (Hart, 1970) .
Fatigue data on wood and wood-based composites are very limited. It has been implied that since failures due to static loads are most common in structures, fatigue failure has never been seriously studied until recently. The introduction of wood and it's composites into heavy structural applications subjected to dynamic loading such as wind-turbine blades and floorings, has induced much of the recent interests into this subject (Tsai et al., 1990; Bonfield et al., 1991; Thompson et al., 1994; Bonfield et al., 1994; Dinwoodie et al., 1995; Thompson et al., 1996) .
Unfortunately, most of the earlier work on fatigue has proven to be of little use, primarily because fatigue testing at that time was carried out in deflection-control only. Wood being a viscoelastic material, will shown incremental deflection over time under repeated loading. Under deflection-control of testing, the level of deflection is maintained which inevitably requires a reducing level of load over time. It means the samples tested were unlikely to fail at low load levels, and the prediction of a fatigue limit is inaccurate.
Only recently fatigue testing under load-control have been reported, and reviews of the subject matter are provided elsewhere (Tsai et al., 1990) . Table 1 provides a summary of the factors which influence the fatigue characteristics of wood and wood composites.
Therefore, fatigue has very significant implications on the performance of furniture in service. Understanding fatigue and incorporating fatigue data into the product engineering of furniture will surely enhance it's performance in service.
5
Factors affecting fatigue life
The most important parameter when evaluating the fatigue performance of a material is the fatigue life; that is the number of loading cycles it will survive. Many factors have been reported to influence fatigue life and Table 2 provides a summary of these factors.
The myriad of variables which influence the fatigue life of wood and it's composites, dearly indicate that fatigue life data for furniture applications must be application specific. This can be argued on the basis that the materials used for furniture applications are very often on a buyerseller standard, not on formal grade specifications. Of course, the wood composites may be less variable than the solid wood resources, but the element of variability inherently present in furniture raw materials, necessitates fatigue data to be derived on a case to case basis.
Performance testing methods for furniture
There are numerous furniture performance testing standards available throughout the world, each being unique to it's country of origin. Unfortunately many of these tests have not evolved from the engineering sector and thus were not based on an understanding of engineering design. In fact, many of these standards appear to have been prepared to circumvent the need for knowledge of the engineering design process in making purchasing decisions. Thus even though the tests provided the information needed to evaluate the quality of furniture, in many cases they did not provide the information needed by manufacturers to engineer their product (Winning, 1981). Increasing stress levels reduced the fatigue life of the material Increasing stress range decreased the fatigue life Different wave-forms have different effect on the fatigue life, but sine wave is very mild, while the square wave is the most harsh. In furniture applications, the mode of loading is trape zoidal in nature Higher frequencies improved fatigue life, as the internal heating caused the expulsion of moisture from the samples, thereby increasing it's strength Higher moisture content reduced the strength of the material, which in turn reduced it's fatigue life No conclusive findings have been reported, although the increase in temperature during testing has been shown to occur in three distinct stages As density increases so does the static strength of the samples, which in turn increased it's fatigue life Straight grained samples have higher fatigue life than slope grained samples These stress raisers reduced the static strength of the samples, which in turn reduced the fatigue life Source: Tsai et al. (1990) , Okuyama et al. (1987) , Imayama et al. (1974) , Bordonne et al. (1987) , Thompson et al. (1996) , Rotem (1988) , Kyanka (1980) For instance the British Standard BS 4875 (Part 1: 1985): on the strength and stability of furniture provides information on the compliance of furniture in service conditions, which is of interest to the customers but of limited value to the manufacturers who want information to assist in improving the quality of their furniture. Therefore, the test violates the basic premise of furniture testing, for the results should be of equal value to customers and manufacturers alike, since it would eventually result in a better quality product.
Therefore, the use of the cyclic stepped loading model test is further advocated here, for it provides this information to all those concerned. The test clearly provides information pertaining to the fatigue strength of the furniture, which is essential to improve product engineering in furniture constructions.
7
Conclusions
The relevance of fatigue to furniture cannot be over looked. As customer demands for reliable furniture construction increases, the need to engineer furniture with sufficient fatigue strength win also grow proportionately. Therefore, understanding fatigue and it's characteristics for furniture raw materials will go a long way towards achieving this objective.
